Introduction
By January 2014, 42% of adult Americans owned a tablet computer (Zickuhr and Rainie, 2014) . It has been reported that tablet computer surface temperatures can rise from room temperature up to 47°C (Chatterjee, 2014; Tapellini, 2012) . Holding a warm or hot computer surface might cause users' thermal discomfort or even increase skin burn risks. Past research on warm or heat pain thresholds for thenar eminence and fingertips has tested thermal sensitivity with small probes of areas around 10mm2 and for short-term exposures (Fruhstorfer et al., 1976; Hirosawa et al., 1984; Meh & Denislic, 1994; Hagander et al., 2000) . However, the use of a tablet often requires holding the device for prolonged time with multiple fingers and palm areas. The stimulus duration and stimulus area can affect users' thermal sensation (Dyck et al.,1993; Pertovaara et al, 1996) . Therefore, it is necessary to understand users thermal sensations on the palm and fingers, in response to warm/heat stimuli in a tablet size device at different surface temperatures and with a longer duration, to provide ergonomic design guidelines for electronic device designers and manufacturers.
Method
A 9.6 by 7.3 inches prototype heating surface was developed comprising nine rectangular heating pads connected with computer-controlled heaters and thermal sensors. Indoor temperature was controlled in an environmental chamber at 23°C. The tested surface temperatures ranged from 34°C to 44°C with 2°C as an interval, for a total of 6 levels. Participants were asked to hold the prototype in the way they would normally hold a tablet computer for 90 seconds, and to report their thermal sensation and thermal comfort 3 times at each temperature level (0, 45 and 90 seconds). Two visual analog scales of thermal sensation and thermal comfort were used and participants verbally made their ratings to the experimenter. The participants' hand areas in contact with the heating pads were recorded and these included mostly the fingers, excluding the thumb, and thenar eminence palmar areas.
Results
Results showed a clear linear relationship between surface temperature and user thermal sensation. Similarly, the average user thermal discomfort rating increases from neutral to fairly uncomfortable as the temperature rises from 40°C to 44°C. Duration of holding the prototype had no significant effect on user's thermal comfort (F(2, 24)=0.056, p=0.95), but it did significantly affect user thermal sensation ratings (F(2, 24)=4.23, p=0.015) although the magnitude of change in sensation was not large. Error bar was shown as +/-one standard error.
Discussion
Results from this testing of moderate temperatures and related user thermal sensations and comfort can be used as a baseline for designing electronic devices. In previous thermal sensation testing research the warm sensation threshold for the index finger was 34.8 (± 2.21)°C (Hirosawa et al., 1984) . The results from current study show that starting at 34°C up to 40°C, participants reported slightly warm or warm sensation in their fingers, and this corresponds well to the existing results. The hot pain threshold for the thenar eminence ranges from 44°C to 48°C (Harju, 2002; Kelly et al., 2005 ) and consequently the temperatures tested in the present study did not exceed 44°C. In the current study when holding a 44°C surface for 90 seconds and participants reported an average of fairly uncomfortable feeling but they did not report pain sensations. The present research suggests that the acceptable surface temperature range for hand-held electronic products may be wider than suggested by previous thermal sensation studies.
